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The pathogen hercin deseribed is helieved by the writer to he
responsible for the disease known as Citrus Brown Rot in Australia,
which in the past has beeu attributed to Pythiacystis citrophitho, a,
Sm. & Sm. P ocitrophithora is the eaunse of a similar disease :n
California, but the writer has failed to find any definite evidence
of its occurrence in Australia. It has been recorded swithout draw-
mgs or cultural notes from Queensland, Vietoria, Sonth and Western
Australia. Examination of many hundreds of affected fruits i
Western Awvstralia has vesulted in the finding of the uew species
Pliytophthora hiberinalis, and that only. A typical brown-rotted
orange forwarded by Samuel from South Australia proved to he
affected with the same fungus.  Unfortunately weither specimens or
cultures have heen obtainable from the other States. The remurk
able similarity of the published symptoms of the disease oceurring
in Victoria with that in South and Western Anstralin makes 3t
highly probable, in the ahseuce of cnltural evidence to the contrary,
that the canses are identieal.

D.oeitrophthora was described from California in 1906 (249).
Later records from Florida, Cuba aud the Isle of Pines have sin.oe
heen admitted to be in error, owing to confusion with Phytophthora
teriestris Sherb. (13).  Brown Rot diseases of eitrus fruit oceur in
Spain, Italy and Portugal. From the work of Mouiz da Maia (20 1
appears that the rot of citrus fruit in Portugal is due to a Phytoph-
tieore. (not identified) identical with the one hercin deseribed. Moniz
da Maia also cousiders that the orange disease known as ““aquado’”
m Spain is due to s Plhylophthorae though previously attrihuted
to Pythecystis citrophthora on symptomatic evidence only. This
may also apply to the Italian eitrus disease. Moniz da Maia also
considers that this Phytophthore is probably indigenous to Mediter-
ramai countries.  As Australia has long heen an importer of lemons
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£l thoe Mediterranean it is probable that che discase las been
Bronght i o lenions or evein on eitrus plants wllil(-h l}m'e oceasion:
ally heen hroughte intoe Austrlia from the same region in past vears,
Phere remnin only two records of the ocenvrence of P eitrophithord
o eiienge fruits ontside California, namely in New Zealand (9) and
South Afvien (12, In both cases enltural dewails have not been
pibdishied,  No ddefinite statements, in the absence of detailed n-
formntion, ¢an he made on these records. From the description of
the New Zealand disease, which ocenrs ouly on lemons, it wonkl
appear to he of different orvigin to the Anstraiian rot.  The drawings
given of the conidia of the Sonth African discase appear to be
definitely of Pythiaeystis citrophthora.

Citros Birown RBot owas noted in the filed of the Department of
Agrienltnre of Western Australin as carly as 1916, but the first
published record was made in 1923 by Taweett (15) who stated
that in 1917 he was fuformed hy Dr, 1) Stoward, then Plapt Pathols.
wist to the Western Australian Department of Agriculture that T
had isofated . eitrophthora from lentons affected with Brown Ret,
It may be hery stuted that the writer has examined froit fromn every
cifrus area it the State during the pastt three seasons, and has found
tlie pathogen responsible for Brown Rot to be Phytophthora hibern-
alis. Fhe vecord of P, citrophthora from Western Aunstralia was un-
doubtedly the rvesult of mistakes in identification.

Brittlehauk vecorded citrus Brown Rot due to Lythiacystis
citroplitlora in oranges received in Vietorin from Queensland in 1918,
aud i Victarian orchards later in the same vear (4 and 26). A
detatted account of the field symptoms in Vietovia was given br
fole in 1921 (10). These symptoms agree identically with those
eccurving in Brown Rot outbreaks in Western Australia, and Qiffc-

considerably from those resudting trom Pythiccystis eitrophthora in

Califoruia. o South Australin, G, Samuel vecorded Pythiacystis

Brown Rot in 1922 (26, hut pointed out that the symptoms some-
what differed from rhose recorded is Calitornia. An orange with
typical infection forwarded by him ju 1925 proved to be affectod

with Dhiyfoplithora hibernalis and not with Pytliucystis,

Tu 1917 Darnell-Nmith writing to Faweett (13) stated that
Pythiceystis had heen found associated with gnmmosiz  of  citvuy
trees trom Novfolk Istand, No details were given but there is no
doubt that this record must e classed withr other records of gumnio-

sis quoted by Faweett (15) as due to Pythiveystis-like fungi.

Frour the foregoing it is obvions that Pythiaceytis citroph-
thara is known with certainty only from California, that it is possi-
Ble that it also oceurs in Sonth Afriea and New Zealand, but that
there is no definite evidence of its presence in Australia, )
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OCCURRENCE OF BROWN ROT IN WESTERN
AUSTRALIA.

Brown Rot is the most serious parasitic disease of citros in the
State. Though known as ecarly at 1916 it has of late come into
greater prominence espeeially since 1921,

As the disease 18 very closely assoeiated with elimate and seil
moisture, a short review is given of the conditions under which
citrus trees ave grown. The total avea of commerveind eitrus orehnrlsy
i the State was 4,069 acres in 1924 They may be convenieutly dividod
into two principal groups.  The first and larger cousists of isolated
orchards or groups of orchavds on the coastal plain from the neigh
bonrhood of Perth south to Harvey, the eentre of greatest acreage,
The second avea occupies strips of good soil in the westorn vallevs
and foothills of the DParling Ranges,  Thie amual vainfall in both
areas vartes from about 35 to over 40 inches, falling principally be-
tween April and October.  Summmer rain is ereatie and unreliable,
amd on the average does not exceed 8 to 10 per cent. of the total.
The wettest months are Juune and Jduly,  An oceasionn] swmmer ivrie
gation (about three from Jamuary to April) is essential in wmost con-
mercinl orchards,  In consequence they ure mainly confined to avens
where water can e obtained by, pumping, ov by gravitation from
priviate storage dams, At Harvey there is a public irvigation schemn,

On the Range area nutwral deainage is nsually good, or the
orchards can he readily drained artificially into the valleys, At
the same thue as they occupy the valley sides aud bottoms the
actual water coming into the soil natuwrally, owing to seepage anl
springs, mucle exceeds the rafall. During the winter months the
soil 1s often at the point of saturation for davs auwd even weeks,

Omw the coastal area natural draivage is poorer aud more diffienlt
to secure artificially.  Tlere again there is an aeenmulation of vater
by soakage from higher levels, eansing the water table to rise close
to soil level during wetl periods betore drainage cnn cope with the
meoming  supply, River and creek side orchards ave, of Cotrse,
subject to occasional partial innudations for slort periods,  In hoth
arcas winter temperatnres ravely fall to 27¢ . Sunnner tempera-
tures over 90° are common.

Citrus picking  commences about June, and extends to  the
sunnner, the ripening thns eoinciding with the wet season. Ornuges
grown on the coastal plain arve typieally orange-vellow when ripe

with fine smooth skins, Those on the vanges ripen later, have
courser skins, and are a vich orange-red. They have distinetly

better keeping  qualities than the coastal plain  oranges, which
are rather hiable to monld@ ( Penicillivm spp.).

Brown Rot ocenrs more commonly in the Range avea than on
the coastal plain.  During the past three seasons, when it has bheen
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wieder the writer s observation, it has appeared in the Ranges shortly
after the first Tieavy winter rams in May or June.  Jresh ontbreaks
then follow caeh wet spell diminishing and praetically ceasing after
@ week or two of fire dry weather. The maxinuun attack develops
towards the end of Augnst or carly in September continning into
October or to the advent of the dry season.

On the coastal plain, with the exception of oue or two orcharls
o ~sitnated that  effeefive drvainage is practically impossible, the
disense is relatively mueh less important, and is in most places of
Little consequence hefore Angust,

The difference in the importanee of the discase in the two
arcas appears to be related to sunshine and wind. The hill orchards
most affected are those which, owing to their positions in valleys,
are sheltered by hills, and consequently have a shorter daily ex-
Posure to direet sanlight, and morve protection against wind, In
support. of the latter statewment it may ba noted that the ocenr-
renee of blemishes due to rnbbing, thern scratehes, ete 18 much
greater on the coastal plain than on the ranges. Exposcd orcharids
on the Ranges saffer relatively hittle from the disenso.

The cconomic loss varies greatly in different orchards, and in
different seasons. Those badly affected one vear are not necessarily
badly affected the next. In the same orchard some portions snffer
more than others, but the same portions ave not necessarily the most
affected cach season,  In general the orchards in sheltered sitnations,
with good natnral water supplies in the form of permanent streams
ad soakages are the most affected.  Cases have been noted where
the «disease bas Deen almost confined to the limits of an overflow
from & stream,

Few, if any, eitrus orchards escape the disease in average
seasons.  In omany eases the damage is confined to the dropping ot
a few leavas, In Dadly affected areas frnit, leaves and twigs are
affected. At the worst trees are more or less totally defoliated and
suffer coustderably from loss of vitality.  Aectnal death from this
vause alone has not been observed, except in the ease of yearling seed-
ling=,  The direet loss of froit is the most obvions effect of the
disease, Tt may rveach 759 of the erop of individunal trees and exeeed
507 of the erop of uite considerable portions of orchards. The
wdireet loss due to leat and twig' blighting may, liowever, he yuite
as preat, as badly affected branches bear little or no froit in the
succeeding season, and take several seasons to veturn to normal
eropping, ' 7

TREES AFFECTED.

A varieties of oranges ineluding mandaring and Iemons grown
I this State are affeeted.  Other varietios of citrus such as grape
friit, citron, ete., are not grown commercially and thetr Dhehaviour
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to the disease has not been obsevved.  Late varteties of ovanges
suffer less from the frnit rot than the ecavly ounes. Maundarins arc
particnlarly snbjeet to Dboth leaf aund fruit infeetion Lemouns
appear to be less subjeet to fruit vot and to be more suseeptible

tn leaf infection.

SYMPTOMS OF BROWN ROT IN WESTERN AUSTRALIA.

The svimptoms of Browu Rot in Western Australia were des-
cribed by the writer in 1924 (6).  Affected oranges and mandarin
fruits develop a dull dark broww area, usually on one side, whieh
spreads until the whole fruit may be involved. The rot is not a
soft one, aund is accompauied by o very penetrating aund casily ve-
vognisable odour, quite distinet from those usunally associated with
rotting il mouldy eitrus fruit. When free or relatively so from
secondavy infections the affected areas hecome dark, dry, and. cven-
tually sunken. The whole fruit eventually shrinks to a «vy hawd
munmmy.  Uuder normal conditions in the orchards, however, second-
avy infeetions closely follow Brown Rot i the vast majority of
frnit.  The principal sccondary ovganisms observed have  Dbeen
Ponicillium digitatum, Sace., P, italicum Wehn, P, spp., Colleto-
trichium  glocosporoides  Peuz.,  Cladosporium  herbaron (Pers. }
Link., Fusarium sp., Phoma sp. Rlizopus sp., Oospora citri-aurantii
(Ferr.) Sacc. & Syd., and bacteria, the first four and Dhaeterin

predominating.

During wet conditions in the ovchard or when placed under
a hell-jur a fine short growth of white mycelimu develops on and

aronnd the lesions.

Apparently-sonud froits In contaet with affeeted fruits are ai-
most invarviably affected also.  Varieties which, Tike the commo:n
orange, carry their fruit in bunches are in consequence liable to
heavy infection. The fivst fruits affected are usually near to or in
contact with the soil, hut once the diseasd has hecome well evident
in an orchard, affected fruits may he found at any height on the

trees even at the very top,

Affected parts of lemon frnits develop a straw colour showing
in contrast against the brighter yellow of the sound skin. The skin
appears to be distended making it smooth and somewhat glossy in
coutrast to the rougher surface of the sound fruit. The affected
aveas cventually tmruw Drown.  As with oranges in the absence of
secondary contamination affected fruits shiink and dry. This is,
however, rare with lemons owing to secondary infeetion by the
organisms whicll attack oranges with the difference that Oospora
citvi-carrantil predominates even over Penicillinm spp. Durving wot

-
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weather OQospora is very active producing a shimy wet rot.  Under
sucl conditions it 1s not uncommon to see lemons ol the trees become
so soft that they clongate aud eventually fall in a soft rotten wmass,
The strong sour swmell induced by Oospora frequently masks the
¢haracteristic smell of Brown Rot. In other ways the dixease de
velops as on the orange.

Affected leaves of lemons as well ad oranges amdt wmandaring
develop davk water-soaked areas usually at the tips, but not infre-
quently extending in from the edges. Portion of the leaf murgin
is usually involved, thongh occasionally the disease may deveiop

centrally on a leaf.  Affected leaves curl somewhat and fall readily
while still greeu over the greater part of their surfaces. Leat

attaek is usually fhe first indication of the presence of the disease
and is zometimes the only form of the discase to develop. The
presence of the disease in mld or early attacks is best seen by ob-
serving the fallen leaves on the gromwd.  Lower leaves are usually
first infected but later they may be found at any level. On oranges
and mandaring leaf dropping may go on uuntil more or less com-
pleta defoliation of part of the tree may result.  With the exeeption
of a few cases of complete defoliation the affeeted portion involves
almost entirely a strip rumming vertically from bottow to top, ex-
tending laterally from two or three feet to the entire width of o
tree (Plate I). These severe infections oceur on the side of the
trees most sheltered from the sun or from wind. Tn the majority of
cases it is confined to the Eastern and Southern side. Oun lemon
trees the leaf infection is similavr to that of the orange tree hut is
more general, and not confined to portions of the tree. Iun 1024
a number of large lewon trees were scen at Maddington (Plate I
which weve completely defoliated, the large crop of fruit remaining
sound on the trees.

Leat blight without fruit rot is not uncommon in mild cases
with oranges.  Heavy leaf infection is invariably associated with
frmit Infection.  On lemons, however, as in the ease alveady meu-
tioned, leaf infeetion may he plentiful without the fruit heing
attacked,

The rvecognition of an nuknown pathogen causing leaf Liight
was made by the writer before Lie vealised that all cases of Brown
Rot were due to the same cause and not to DPythiacystis c¢itroph-
thora (7).

THiG BLIGHT.

Accompanying severe leaf defoliation the smaller twigs awd
branches arve killed.  As a consequence frmit bearing in the following
season on the affeeted portion is largely or entirely prevented,
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SYMPTOMS OF BROWN ROT DUE TO PHYTOPHTHORA
HIBERNALIS COMPARED WITH THOSE OF PYTHIA.
CYSTIS BROWN ROTY.

Brown Rot in California due to Pythiacystis citrophthora was
described by R. E. & E. H, Smith as essentially a lemon fruit disease
occurring  less frequently on oranges, mandarins, pomelos, ete.,
(20 & 50). In a letter to the writer Professor H. 8. Faweett, of
the Citrus Experimient Station, Uuniversity of California stated ‘e
sometimes find the Pythiceystis fungus attacking the leaves, but this
is not so frequent as the attack of the fruits, especially lemon fruits,
althongh oranges are also attacked when the weather is very moist
and there is a medium temperature over a considerable period.’”’
Pythiacystis Brown Rot would therefore appear to be essentially
a lemen fruit disease attacking oranges less frequently and citrus
leaves even less.  Phytophthora hibernalis on the other hand in
Western Australia attacks leaves more frequently than fruit, and
orange and wmaudarin fruits more frequeutly than lemons. Thera
are umwdoubtedly great resemblances between the two diseases. it
may Dbe mentioned that oranges were infected Dby the avriter with
pure cultures of Pytliacystis citrophthora and Pytophthora terres-
tris Sherb. [probably a form of P. parasitice Dast. (1 & 17) ]
developed Brown Rot not distinguishable from that due to . hibeyn-
alis. These two cultures were obtained frowm California through the
courtesy of Professor Fawcett. Though P. ferrestris causes a citrus
stent gunmnosis in Florida awd elsewhere (15) it has not, so far as
the writer is aware heen foumd in nature om eitrus fruits. A further
resemblance between the Californian and the Australian diseases is to
be found in the faet that both develop under conditions of high soil
moisture content, especially in wet weather, in low wet situations and
on the lower and sheltered portions of the trees. Further differ-
ences may be noted which cannot be related to the elimatic diffar-
ences 1n the tawo countries. Pythiaeystis Brown Rot remains active
throughout the summer wheve the ground ig wet according to Smith
(30). This is unknown in Australian Brown Rot, even in orchards
alongside perennial streams. The Australian disease is essentially
one of cool-moist weather. Heavy defoliation, twig blight and con-
sequent failure to bloom and fruit are not recorded in California.
Pythiacystis Brown Rot spreads readily in packed fruit. With the
Australian disease, infection spreads slowly, aund only under very
favourable conditions. No loss is experienced from this eause in
Western Australia, though this appears to be the most important
feature in the American rot. So far comparisons have been made
oniy with the symptoms of Pytliacystis Brown Rot as stated to
occur in California.

Published descriptions by Cole (10) of the symptoms of Pythia-
cystis Brown Rot in Victoria agree exactly with those of the Phy-
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tophthora disease 1 Western Australia, with  the exception that
lemons are stated to be apparently innnune. Seville oranges, grape
fruit, and cwunguats not itnvestigated in Western Australia are alsn
attacked,  The statement by Cole that in an advaneed state of tlhix
disease a sticky growth develops on the fruit is probably duc :x«
confusion with the common sccondary Sonv or Greasy Rot due to
Gaspora ettri—anrantii,

Samuel's artieles on Brown Rot in South Australia (26 & 27)
refer enly to it attacking oranges. This disease as already stated
is now known to he due to Phytoplithora hibernalis. Pythiacytis Brown
Rot in New Zealand i1s recorded only on lemons (9) attacking the
fruit, leaves, laterals and even larger hranches, Affected leaves
tine brown, but remam hanging on the trees.  This disease appears
to be distinet from that in Anstralia, and even from that in Cali-
fornia. Im Sonth Afrieca, Brown Rot has been rvecently recovded only
o orange fruits in Mareh and April, 1925 a year of exceptionnl
rainfall (12),

From the foregoing it is evident that the disease in Vietoria
agrees in field symptoms more closely with the Western and South:
Anstralian disease than it does with the Californian.  In the abseuer
of auy detailed mycological evidence to the contrary the writer
considers that he is justified in regarding all c¢itrus Brown Ror in
Australia as beiug due to 7. hibernalis.

ISOLATION OF PATHOGEN IN WESTERN AUSTRALIA,

In September, 1923 in company with Dr, E. .J. Butler, of th-
hmperial Bureau of Mycology, and Mr. J. G. ', Campbell, a visit
was made to an infeeted orchard at Bickley in the Darling Ranges.
The day waswet. Specimens of affected leaves and twigs showing faint
indications of superficial fungal growth were seeured. Under micro-
¥copic examination these proved to be spove clusters of a Phyveony-
cete. Previous to this date it was believed, following Amneriean
experience with Pythiaceystis, that the pathogen did not fruit on the
trees. It was at once evident that the fnangus differed from Pypthic-
cystis. Over one hondred different snecessful attempts have Dbeen
made during 1923, 1924 and 1925 to develop the pathogen from
diseased tissues in water, liquid media or on agar. In every case
the organisin has heen the same. Pythiacystis has never Loen
found.

Caltures have been submitted to Dy, B, J. Butler, Divector f
the Imperial Bureau of Mycology, who also isolated the same Gron-
ismoin England in 1924 from West Australian oranges.  He reporteed
in 1925 that he was convineed that the Organism was 4 new speeies
distinet from  Pyihiacystis. Cultures were also forwarded to M.
W, L. Waterliouse, Sydney University, who compared them wifl
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his type cultures, aud stated that besides differing from Pythiacystis,
“Uit differed warkedly eulturally from Phytophthora cactorum, P.
infestans, . crythroseptica, P. fagi and P. parasitica.’’ Tne
writer hias' also been able to compare it with cultures of Pylhiacystis
citrophthora and  Phytophthora tervestris received from Professor
Fawcett, of the Citrns Experiment Station, University of California,
and with eultures of Pythiacystis terrestris received from Mr., Water.
house aud has found it to be readily distingnishable.

After the dixcovery of the pitthogen in 1923, and after tie
difficnlties of isolation had been overcowe the sesson for thie disease
closed, It was found however, that the organism  developed on
affected twigs aad leaves in water, but rarvely, if ever, on affectel
frioits under the same conditions; that spores were developed in
nature ou all affected parts of citrus trees during or fimwediately
followlng wet weather in the winter; that spores in water germin.
ated either as zoosporangia or conidia. Few attempts at infeetion
were made.  Successful infection of oranges by spores was seenved

in one case.

The pathoszen was definitely deternined from oraunges. mandaries
and lemons grown at various parts of the hill and constal plain
areas, At Hurvey a case was unoted where Temon seedlings grows
for stocks were more or less defolinted, and many killed.

During the sumnier of 1923.1924 the cultures dicd .

On 19th June, 1624, diseased fruits were obtained from Bicklev,
and the orgaunism again isolated. The first winter rains had com-
menced du the carly part of May, one iuch heing recorded on 10th-
12th. The disease was in evidence until the end of October, and
was agait found on all varieties of citrus, both on Teaves and fruit
awd in all comnereinl citrus areas. Isolations were made from orauge
and wandarin leaves aud fruoit, the pathogen being identieal with
that found the previous vear. Young orange trees were iufeeted
by spore suspensions in wnter and the pathogen recovered from typi-
cally affected leaves,

During the summer of 1924-25 the cenltures were weintainoed
alive by storiug in closed Mason jars in a cool safe (Coolgardie
safe) with hessian sides kept wet by a constant supply of water
and placed in a dranght. The orgauism was found to he YOIy sus
ceptible to heat and to drying ont. Sub-cnltuves could be made to
grow during the summer only at the reduced temperatures of the
cool safe which rarely exceeded 63501,

Oun 29th May, 1925, the disease was again fonnd at Maddington
near Perth on orange leaves and frait. The first winter raius bl
commenced on 19th and 20th May with a fall of 1.83 inches ot
Perth,
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The disease was last noted active ecarly in September,

During the season it was again recorded from all eitrus areas,
though owing to the exeeptionally dry winter the losses in general
were lighter than those of 1924,

The smme pathogen as in the two previous seasous was again
isolated many tiwes from lemen leaves and fruoit as well as from
the leaves and fruit of oranges and mandarins. It was also iselate:]
from an orange from South Australia.  Infection of oranges and
lemous was secured from the 1924 isolations from orange leaves,
Oranges and lemons were infeeted from cultures from cach other
and from leaves.,  Definite evideuee was secured that Brown Rot on
orauges and lemons aund their leaves in Western and South Australia
were due the same eause.  Investigations cavried out late in the
season of 1624 had scemed to indicute that the lemon diseases were
due to different pathogens (6).  This was found to be incorrvect.

NETHODS OF ISOLATION.

Successtul results have been obtained hy spreading o water
suspenston of spores Trom affeeted tissues on potato dextrose agay
plates and picking  off  germinating  spoves. Usually, however,
isolation lLas Deen obtainedt by washing small pieces of affected
leaves in corvosive sublimate solution (1-1000) for oue to thres
winntes, followed by three washings in stervile tap water, aud then
placing o potato dextrose agar plates.  Some fruit iselations were
made in the same way after first washing the frnit in water, and
thew with alehohol, and cutting out with a sterile seapel small por-
tious of the surface tissues at or jnst heyvond the edges of the evi-
dent lestons. DBest results weve obtained by luverting these pieees
of iissue so that the snrface of the fruit eame in contaet with the

agur., Pieces taken Deyoud the edges of the lesions gave the
lowest contaminations. After two or three days the mycelium

could be easily reeoguised by its eharacteristic dense hranching, whan
examined under a low power through the underside of the petri
dish. Apparently clean growth was theu picked off on to agar
plates.  Contamination from bacterin has been the most difficutt
to avord, the use of latic acid in thel medium being unsatisfactory
owing to the inhibition of the fungus, Repeated sub-culturing hog
often been necessary,  Isolation from fruits in aun advaneed stage
aivd obviously wmueh contaminated with secondary organising las
been obtained by transplanting portions of the least infected tissues
iute sound fruit, and then making cultures froni the latter as soon
as infection beeame evident.  Tn gencral, however, it has heen con-
sideved sufficient to recognise the fungus in sneh cases and not to
attempt isolation in pure culture. It has been found possible
to readily recognise the myeelial growth as it differs considerably
from that of Pythiaeystis or Phytophthora terrestris (Plate IT).
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For comparison purposes these latter fungi (cultures obtained from
California) were inoeulated in oranges, and re-isolated from the
qffected fruits. These orvganisms have Deen kept going in check
series of cultures with the Australian pathogen for two scasons.

In making isolations from leaves ity was found that tissue taken
from the bases of leaves showing lesions only on their apical portious
readily produced the orvganism. This undoubtedly has a bearing on
the falling of the leaves while only visibly affected at their tips.

CULTURAL NOTES.

P. hibernalis grows well on potato dextrose agar, oat extract
agar, prune juice agar, Frenclt bean agar, dextrose peptone agar,
prune juice and wheat meal.

These media were preparcd as mder:—

Potato-Dextrose Agar. DPotato, not peeled, washed and eut into
% inch enbes, 200 grams.  Boiled gently in 1 litre of tap watey
in steamer forr 1 houwr, strained through muslin, made np to 1
litre with water, 20 grams dextrose and 25 grams agar added,

and then autoclaved.

Cut-Extract Agar. 50 grams crushed oats boiled geutly in steamer
for 1 hour in 300 c.e. tap water, strained through wire gauze,
10 grams agar added and water to make 300 e¢.c. then auto-
claved.

Prune-Juice Agar. 12.5 grams of dried prunes, without stones,
boiled in 100 e.¢. tap water foo 5 minutes, filtered, 7.5 grams
agar and water to make up 500 c.c. added, then antoclaved,

French-Bean Agar. 50 grams dried beans pounded in wmortar, hoiled
30 minutes in 300 c.e. water, then strained through wire gauze,
10 grams agar and water te make up 500 c.c¢. added, then
autoclaved.

Dertrose-Peptone Agar. Dextrose 10 grams, meat extract 2 graws,
peptone 5 grams, sodinm chloride 2.5 grams, agar 7.5 graws,
autoclaved in 500 c.¢. water.

Wiheat Meal, Wheat meal moistened with distilled water and auto-
claved.,

Potato dextrose agar las heen the most satisfactory medium
tried and has been generally used. Both conidia and oospores are
formed fairly freely in cultures after 10 days at temperatures of
10-152 C.  Ou prune juice agar and French hean agar conidia are
formed scantily though oospores are more plentiful. On oat extract
agar and dextrose peptome agar and wheat meal only oospores ar:
formed. In prune juice decoction no spores are formed. Conidia
formed ou agar media are remarkably constant in shape and similar
to those oceurring in nature thougly varying considerably in size.
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To obtain conidia and oospores the best method adopted was to plate
on potato dextrose agar fairly large pieces of affected leaf tissues.
Picees about. 1 e, sqnare have been used.  Tenit tissues arve less
effective.  From the edges of the plated pieces there is a strony
growtlhe of mycelinm, while on the upper swrface couidia arve de-

veloped it great  mumbers, Within  the  tissues  oospores  are
developed in large nnmbers shortly after the conidia appear.  With

sufficient care the growth is practically pure.

Conhia may also be obtained by half submerging affeeted leaf,
twig or fruit fragments in water. Those developed on the freo
surfaces are normal in shape.  Aw aguatic mycelinm is developed
the water.  This bears conidia which are rather more liable to iy

i shape, thongh not markedly so.

Owing to lack ol equipment it has not been possible ta aseor-
tane the limits and optima of temperature and humidity for growth,
Botlr field and laboratory evidence; indicate a low temperature opti-
ny aed - maximum, - The optinmim is probably helow 152 (0 and
the vlaximm below 250 (7, Fresh oceurrences in the fickd have
not beennoted dater than Octoher, or before May, even when Octo-
bev has heen exeeptionally wet ax in 1923, or under irrigation
cowditions. Tt should Dbe noted that the mean maximam and njni-
nunn temperatures for Perth for the months in which the disease is
evident are:—

June July Aug, Sept.
Max., 17.8¢ 17.07° 17.80 18,90 (‘ent,
Min, 9.70 8,70 8.400 10.2°  Coent.

{Fignres sup plied by Connmnonwealtth Meteorvological  Bureau.

Perth).

As the amean for the affected arveas during these months s

cortainly lower than for Perth, though in several cases within 20

miles of that point, the cevidence points to an optimum  for 7,
hibernalis lower than those for P. citrophthora aud P. terrestris
which are given by Fawcett (14) as 26.5° and 31.50 respectively,
Moniz da Maia has also noted (20) the relation of the disease i+
Portugal to low temperatures,

As pointed ont already cultures have failed to SUEVIve at o roonr
temperature i Perth duviug the summner necessitating their storage

nr et conl place, Sab-eulturing during the swmumer has bheen Prosisi-

ble only hy keeping the cultnres at, reduced temperatures. Two-

attempts to forward enttures to Dr. 1. J. Butler, at Kew, failed. A

siiilar failure resultted when Dr. Butler forwarded a culture isolated

by him in 1924 from orange shipments in London from Western
Australia. A enlture forwarded to My, W. Waterhouse, at Syviduey.
died during the siimner, and 1 have sinee heard from Dr. Butler
that his isolation bad come to the same end.  Cultnres of 7. ¢ifro-
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phthorae (No. 816, and . terrestris (No. 760) April, 1924, re
ceived from Professor Faweett, of the Citrus Experiment Station,
Riverside, California, have not only survived room temperatures af
Perth, hut also carried well to Loundon, being forwarded at the same
time as . liberialis.

While tissies placed on agar fruit freely, this does not apply
to affected fruits, leaves and twigs placed in the moist atmosphere
in a stoppered jar, or under a bell-jar.  Under such conditions a
strong short cerisp growth of sterile myeelium develops on the suz-
faces. With less humid conditions better results arve sometimes
obtained. By loosely closing a jar with cotton wool, or by exposine
to continued rainy conditions in the open spores may sometimes he
obtained. A fruit forwarded by Mr. Samuel from South Aunstralin
packe 1 with paper in a cardboard hox had developed spores on the
swrface when recetved five days later.  When spores arve developad
there is no surface growth of mycelium,

MORPHOLOGY AND DEVELOPMENT.

The mycelinm is at first continwous, much hranched, very irregnlar
in width, and with swellings and knots amd  short hauostoria-like
branches at irregular intervals. In older eultures septa are de-
veloped scantily (Plate IV). In tissues the myeelimu appears to b
both inter and intra-cellnlar, well distvibnted in leaves, hut in froit
confined for some time mainly to the skin and rag. Ou agar the
aerial hyphae ave twisted and somewhat irregulav, bt mueh Jess
so than the submerged mycelinm.  The average widtlt of the hyphac
on potato dextrose agar is about Smimm. but varies from 3 to 12mum.,
with considerable variation along the same hyphae,  Septa oceur

mainly in the older enltures, especially on subsurface growtl, They may

be straight, but arve frequently Dheut to form a curve or angle or
have a central thickening.,  They commencs as ingrowths from the
opposite sides of a hypha. The hyphae are filled with granular
protoplasm, but in older cultures freqnently hecome empty in pact
being cut off hy the septa fron the still active portions. Wlhen
damaged on landling the broken ends of hyphae readily discharge
their protoplasmic contents.  On fruit, and to a lesscr extent, leaves
and twigs kept in a woist jar, and on agar media, the acrinl myee-
hum develops as a deunse short white mat of hranched hyphae. Tn
natnre during continued wet weather conidia develop on froits,
leaves and twigs. They also develop on acrial and aquatic mveelin
from leaves and twigs, ravely oun fruits half submerged in water,
and on the aerial mycelinm of potate dextrese, prune juice agar,
awd Freach heaw agar.  On tissues the sporophorves develop singly
or in clusters from any portion of the surfaces though principalty
from the upper sides of leaves. They are usnally clustered develop-
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g trom o stromratic mass beneath the eptdermis.  On culture media
conidia arc borne termiually on sporophores which branch from the
acrial hyphae.  There are usually enlargements at the junction of
the sporophores and hyphae.  The sporopliores are narrower than the
typhae proper having a width of 1-2mmm. The conidia are hyaline,
“Hiptical or lemon shaped, the larger almost flatteued on the sides.
Undersized conidia are more rounded. Pear shaped forms oceasion-
ally occur. The papilla is hroad and fattened and np to Smmm, long.
The most characteristic feature is a counstant pedicel or tail eon-
sisting of portion of the sporophore. This pedicel is rarely less
thin one half the length of the conidinm and frequently execeeds it
in tength,  The persistent pedicel 1s so constant that the oecasional
spore found without one has been regavded as having lost it as a
vesnlt of accident in handling.  Sueh spores have not constituted
17 of the wany thonsand seen.  The conidia are very deciduous.
The surface of a fruiting enlture nsually has many spores lyving on
it which have fallen away from their attachments.  When myeelium
5 monuted in water for microscopic examination it is difficult to find
spores still attached.

Measurenents of 100 conidia developed ou lemon leaves on
potate dextrose agar gave an average of 346 x 16.1unum., with a
rango of 17-56 x 10-21, These measnrements agree so closely with' the
eomparative few found in nature on leaves and fruit that the writer
considers that conidia developed in this manner may be regarded
as typical of the species.  The bulk of these fall within 26-47 x
14-19mmim. as shown' in Table 1,

No. Length . Width wnnn, No.
3 Over 50 -— Over 20 3
] 16—350 = 20 7
18 41—15 — 16 &
pUg 3H—4i - 17 — 18 36
1% 3—35 __ 15 —14 24
19 26—30 — 14 9
s 21253 — 13 5
4 Tuder 21 — Under 13 8
Table I.  Aeasurcments of 100 conidia grown on leraon leaf

fragments on potato dextrose agar.

H1 conidia developed on leaf and fruit tissues 1n water gave a
mean ot 346 x 16.4 with a range of 20—46 x 15—28mmm, Conidia
grown on fragments of Cofocusia sp. on potato dextrose agar gave
a mean of 34.9 x 15.5. 32 conidin frow a potato dextrose agar
cubtnre gave  amcan or 30.3 x 14.3 (range 18.3—41.8 x 9.6—
18 2mmm,)y, Tt is evident from the figures given that the variation
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of the mean size of conidia grown on tissue under different condi-
tiong. is small. The average ratio of length to breadth is 2.3 as
shown in Table 2 hereundey:—

No. Ratto.
1 e 3.4
1 - 2.8
3 = 2.7
9 - 2.6
10 —_ 2.5
6 — 3.4
15 - 2.3
12 2.2
14 — 2.1
11 — 2.0
10 — 1.9
5} o 1.8
7 - - 1.7
& 1.6
100 Mean )

Table 2. Ratio of length fo Dbrealth of 100 conidia grown on
lemon leat fragments on potato dextrose agar.

The majority vange from 1.9 to 2.5, The extreme ratios ¢f
3.4 and 1.6 to 1.8 are confined to cxeeptionally large and small
conidin. The average length of the persistent pedicels of the same
100 conidia was 23.5mmnt. (range 2—56mmn.) . On the Colocasia leat
culture the pedicels averaged 39mmm. (range 10-—63). The average
length of the pedicels of 13 conidia developed in water from potato
dextrose agar and wheat weal enltures was 39mmnn,, with a maximm
length of 34mmm, There is no cellnlose plug at the point of inscrtion
of the seorephore whick averages fimmm, in width at that point.

The ecoridia germinate with germ, tubes or as zoosporangi.
Tu the former ease the germ tube usnally emerges from one side of
the papilla, which is finally absorbed. A growth of 120mmm. in 23
howurs has been noted after placing the spores in water at a tempera-
ture of approximately 120 (% Occasionally a short hypha is pro-
dneed by a coniditm  which becomes terminated by another bhot
smaller conidium. This may be repeated until a chain of {hree or
four is formed. At other times the tip of hypha appears 1o lave
started to form a conidimn and then veverted to vegetative growth
thus producing swellings in its length. The formation of Z005pores
oceurs readily when the spores are placed in water at a voom teyn
perature of 11—15°C, though a perecentage always germinate as
conidia . ‘At higher temperatures germination as conidia is the
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normal niethod.  Discharge of zoospores commenees an hour and a
half to two hours after placing the spores in water and continnes
tor abont one hour. The first indication of zoospore formation
noted is o movewment of the protoplasmm of the spores eausing it to
ronnd into a central mass.  This mass then breaks op into zoos-
pores which vapidly move towavds the apical end of the spore where
the papilla s apparvently distended into a vesicle.  This vesicle has
not heen seen, but the papilla disappears, and the snbsequent move-
ment, of the zoospores cevtainly suggests the presence of a vesielo.
The zoospores are at first attached by their flagella and in some
cases two have been noticed to remain attached for some minutes
after emergence,  Fuach spore is compressed as it squeezes throngh
the aperture.  Sometimes two jam in the opening and cither finally
execape or remain blocking the exit, preventing the emergence of the
rewninder of the zoospores.  hmmediately on leaving the sporan-
winm the zoospores eolleet n o meass saggesting the presence of a
vestele, and then dart in all direetions, the whole proeess from the
first signs of wovement within the sporangium taking only two or
three  seconds. When kilted with dodine  solution  the  zoospores
average 9.9 x 8 Smoun, (range 87115 x 7.8—9.5) . When in move-
went. they appear to be about It x Ymmun.  They are more or less
kitlney-shaped with twe flagella attached to the concave side, ouw
fonger than the other. The average length of the longer is T4.6mum.,
and of the shorter 6.Tmmm.  The number of zoospores formed in a
sporangium varies from 3 to 20, Oceasionally the whole protoplas
mic contents are diseharged inoan nudifferentiated muss. After
swinmning for about 30 minutes the zooxpores vound off.,  Germin-
ation commenees within 12 to 24 hours, one or more germ-tubes
cuerging.  Not infrequently some zoospores roumd off within the
sporangii,

To citrus leat aund frait tissues and on Colocasia sp. leaf tissue
particularly the leaves hoth of eitrus and Coloecasia, and to a lesser
extent in petato dextrose agar. oat juiece agar, French hean agur,
prune  juice  agar, and  wheatmeal,  oogonia with  amphigynons
antheridia arve formed,  In leaf tissues in water or on potato dex-
trose agar the mumber of oogonia formed iy very large, the tissue
beiug  filled with  them., Very oceasionally  the auntheridia  ave
paragvuous (Plate TV, Antheridia and ocogonia as far as couldl
be observed appenr to come from either the same or different
yphae.  On affeeted tissunes oogonia are developed in about a week
at 10-15° ¢ cudture in from 10 to 14 days, The oogonia, which
are vonud to oveld average 40.8mmm. i greatest length with a range
of 224—56mmm, (100 measurements from ovange leaf tissue oo
potito dextrose agar}. Qospores are spherical and average 35mmm, in
diameter with a range of 22 to 45.6mmm. The antherida are hyaline
aud very persistent. The oospores range from vellow to tawny
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(24). The oogonial wall takes on the same colour and persists s
a tather irregmlar rough ecoating to the oospores.

The Phytophthora causing rvotting of eitrus froits in Portugal
deseribed by Moniz da Maia (20) agrees so closely with P hiber.
alis that there is no doubt that they are identical.  The former has
been isolated from the orange, mandarin and lemon fruits. The
comidin are formed in similar manner to 7. hibernalis, srd  are
similarly eharacterised by their elongate form and the presence of
persistent pedieels, Moniz da Maia, however, recognises macro-vonidia
on finit weasuring 17.5—>38mmm. x 7.5—13mmm. | and micro conidin

3

on cultures mweasuring 30—37.5mmm. x 16—185mmm. In the work
done on P. hiberna/is the author has found no definite distinetion
hetween the larger and smaller conidia, and regards them ax shmply
indicating the range of variation, and perhaps in the ease of the
smaller ax evidenee of immaturity,  As already shown contdia com-
purable with Moniz da Maia’s largest and smallest have been ol-
taine:d from enltures of P2, Wibernalis.

( niv 6-10 zoospores have been mnoted in Moniz da Maiz's en!
tures but lie has admittedly observed only a very few cases of
voospare formation,  He gives 22 to 42.5mmnmu. as the measurement
of the vuspores, which, compares favourably with 22 to 43, 6mmm. in
P hiliernalis. ©“This disease appears in mid-winter (Jannary), anl
canses Jdamage in the ecarly spring, covering a pertod of wmarkedly
low temperature, and generall associated with rain, suow an‘
frost. ' This agrees absolnte’v in seasonal ocenrrence with PP kibern-
alis. The microplhotographs published of myeelinm, conidia, and
oogonia also agree very closely with PP Libernalis,

INFECTION EXPERIMENTS.

In 1923 mfeetion was seenred of two oranges with spores pro-
duced in water enltnres from hrown-rotted oranges. The snspension
of the spores in water was placed in glass rings fastened to the
fruits with plasticine, and covered with glass slips senled with
vaseline.,  The positive results were obtained with seratelhied frit
only,

Culture A. Culture 13,
9/10/28 Unseratehed Seratched U nseratehed Serateled
16/10/28— — -+ — 4+
24/10/23 — + o +

Control.
9/106/23-—~Unserateled Seratehed
16/10/23 S — —
24/10/23 — —

In 1924 many attempts were made to infect friits by placing
them in contact with affected frnits, or in water containing affected
froits, or in which the same had been placed for several days. 1In
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all cases the results were negative.  The frait in water rvegnlarly
heeame attacked by varions organisms. 1t 18 possible that these
were sceondary to and nmasked the infection by the brown rot

organistil.

In August, 1924 an experiment was made to infect the Jeaves
of orange trees in pots with a suspension of spores from a water
culthre from orange leaves.

19/8/24.—A branch of tree .\ sprayed with spere suspension au-l
placed in open. Tree B. treated as in A. but placed in cold
frame. €. small branch in Tamp glass sprayed with suspension
and closed with motst cotton wool.  Placed in cold frame. D.
as in (!.; but with spore bearing leaf fragments placed on leaf.

19/8/24 AL 3. C, n.

14/9/24 +- — i -

Tafection foltowed a very wet week. It is diffienlt to acceount
for the lengthy period preceding infeetion. The diseage is not

known in the mnrsery iu whiclh the work was done and several
citriy trees growing there were not affected.  Abont 10¢7 of the
spraved Teaves were affected and none on the unsprayed branches.

Aw it was fouwd veadily possible to infect leaves in a water
suspension of spores the failure to seeure infeetion on trees B. €.
D was probably due to the difficulty of keeping a film of moisture
on the leaves exeept when exposed ta continuous wet weather.

During 1925 numerous attempfs were made to secure imfection

The following gave positive results:—

(1). On 28t May. 2 oranges and 2 lemous were placed in
contact with naturally affected ovanges in a jar.  No lesions having
appeared the affected oranges were removed aud replaced with mere
affected oranges on 12th Juue. These were removed on 29th June,
the original frnit remaining sonnd. On 1st July one orange de-
veloped Brown Rot, the other fruit remaining sound. This result
would appear to indicate infeetion from spores formed on the
affected fruit rather than wmycelial infection. Controls remained
sonudd.

(2. Che 2000 May 2 oranges and 2 lemons were infected with
iseased tissue from an affected orange. On 9th both craunges de-
veloped Brown Rot.  Lemons developed secondary rots,

(3). On 16th June 1 orange and 1 lemon infected with
mycelium  of I hibernalis on potato dextrose agar isolated from orange
fruit in 1924, On 25th orvange developed Brown Rot. Lemon
developed Penicillium ete.
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(+). On 16th June 2 oranges and 1 lemon infected with myee-
linm of P, libernalis on potato dextrose agar from orange. 24t
one orange developed Brown Rot. The seeond orange was 1e-
infeeted on 1st July. On 9th Jnly lemon developed Brown Rot,
and the second orange on 16th.

(5).  On 27th Jwie 2 oranges and 2 lemons infeeted with myece-
liwm of P, hibernalis on potato dextrose agar isolated from lemon
leaves the same month. On 7th July one orange and one lemon
developed Brown Rot, the others monlds.

(6). On 20tk June 2 lemons infected with P.hibernalis enlture
on potato dextrose agar from lemon fruits,  9th July hoth developed
Brown Rot.

(7). On st July 1 orange infected with culture on potato
dextrose agar from oerange.  Developed Brown Rot on 15th.

(8).  On 2ad July 2 sound lemons were placed in eontaet with
an affected lemon.  On 13th one lemon developed Brown Rot. The
other remained sound.

(%) . On 2ad July Brown-votted orange placed in water with
2 oranges and 1 lemon, but not allowed to come in contact. Water
removed on 7th. By 8th all appeared to develop Brown Rot, but
this was not confirmed owing to contamination.

(10).  On Znd July Brown-rotted oranges placed in water in
contact with two oranges and two lemons. Water removed on 7th.
8th apparent Brown Rot in all but not confirmed.

(11). On 2nd July Brown-rotted orange placed in contact in
jar with onc orange and two lemons. 13th Brown Rot on all but
confirmed by isolation only from orange as the lemon cultures be-
came overgrown with contaminations,

(12). On 16th July. Conidia from lemon leaf tissue on
potato dextrose agar placed in water in glass cells attached to two
oranges and two lemons with plasticene. srd Augnst one lemon
developed Brown Rot. Others remained sound.

(13). On 17th July.  Orange and lemon leaf fragments
placed in water with conidia from a culture of lemon tissue on
potato dextrose agar. 22nd Brown Rot lesions on all,

(14). On 24th July. Ome lemon infected with tissue from
lemon with Brown Rot, 31st Developed Brown Ror,

In all cases except where stated Phytophtliore libernalis was
identificd by culture on potato dextrose agar.




R CarNE— Brown Kol of Citrus,

In infeeting fruit with myeelinm on agarv media or with tissues
from affected fruits the following method was nsed. The fruits woere
first washed in water and then with aleohol. A small evlinder pene-
trating into the rag was then removed with a small cork borer with
the rod allowed to remain loose in the tobe,  With myeelium infec-
tion, u fragmeut ot agur with myeelium from a cualture was then
placed in the hole and the cuter portion of tho eylinder of tissue re-
placed by means of the vod in the tube. When infeeting from
another fruit, a eylinder of tissue from the affected fruit made with
a cork Dhorer slightly lavger than that used on the fruit to he
Affected was then foreed iuto the opening. In this way a tight
fit was secured to compensate for shrinkage. in cutting into lemons
the vag should not be penetrated so as to caunse juice: to flow, as
this appeaved to effectoally  stop infection. With oranges less

trouble was experienced from this eause.

The fougus was fond to grow readily on leaf fragments ol
Colocusis sp. infeetion being obtained by placing them after steri-
lising v corrosive sublimate and washing well, in a decoction of
conidia in sterile water.  Attempts to inoculate the Colocasia leaves
iy placing econidia in a drop on the leaf within a large jar tadled.
Attempts to jufleet leaves of Riehardia africaiia Kuntl. also failed.

[t in evident from ilhe foregoing that while oranges may be
infected from conidin developed on orange leaves or fruit, aund
lemons from lemon leaves wd finit, it hax not beew deonstrated
definitely that oranges may he infected by conidia from lemons or
vieo versa.  As no distinetion has heen noted hetween the growth of
cnltires obtained from either lemons or oranges, the possihility of

hiological straing is suggested.,

Germination of oospores lias not heen observed. No Chinai-
vilospores have heen recoguized,

SYSTEMATIC POSITION.

Phytoplithora hibernalis helongs to the Phaseoli group of Rosen-.
hamn (23, which is identical with the Phytophthora infestans
cronp of Pethyridge (21).  This group is based upon the presence
of amphigynons antheridia.

Owing to the past confusion with Pythiacystis citroplihora it
ix desirable to point out some of the diffevences between the two
species. 1t may he stated heve that it has been peinted out ny
several writers (3 & 16) that Pyfhiacystis is closely allied to and
should probably he werged with Phytophthora. Smith & Swmita,
the anthors of Pythiaeystis have agreed (31) ou the elose affinity,




CARNE—Rirown ot of Citrus. 33

but consider that the merging of Pythiceystis with Phytophthora s
at present inadvisable owing to the donbtful delimitation of thesc
ocnera awd of Pythiune.

P.ocitrophthora (29) is defined as having ovate or lemon-shaped
sporangia 20 x 30 to 60 x 90mmm. averaging 35 x >0munn, and pro-
ducing 5—40 zoospores. The zoospores are 10—I6mmm. in diameter
with lateral ¢ilia 30 to 40mmm. in length. No sexnal bodies have ever
been developed in cultures of typical P. citroplithorae according to
Smith & Smith (31) .  They also state that tho myeelinm on affected
fruit is always sterile (29 & 30).

Culturves of P, citroplthora, Sm, & Sm. and Pythophthaora teyres.
tris, Sherb, were obtained from Califormia in 1974 throngh the
cowrtesy of Professor Fawcett.,  The latter fungus is the cause of
mal-di-gomma  or foot rot of citrus in Califorma, Plovida, ete.,
(15 & 15). Oranges were infected with these enltures and with
P hibernalis, and the resultant Brown Rots were identieal in appear-
ance. Both organisms were grown in parallel sertes of enltwre
media with P, Ribernalis. In ne case were oospores produced on
P citraphthora though conidia were produeed in fair nnmbers on
potato dextrose agar, oat extract agar awd glucose peptone agar,
especially on cultures over four weeks old.  They were produced
more readily by placing portions of agar cultures in water. Measur
ments of 100 conidia produced in water from a culture on potate
dextirose agar averaged 30 x 38.5nmmn.  with a rauge of 19—37 x 19
—60mmm, In shape they varied from globose to flask-shaped ov ovo:d.
The attachment of the sporephore was very frequently, even nor-
nally, ceeontrie and at times quite lateral (Plate V), This ¢character
i1s illustrated by both Smith (30) and Doidge (12).  Thera was also
not mfrequently a cellulose projection into the conidinm at the point
of attachment of the sporophore.  This also is shown by Smith (30) .
Neither of these two features arve found in P Jiberialis.

P. terrestris, Sherb,, is readily distinguished from 2. hibernalis
by its more globose spores, and smaller oospores and the presence of
chlamydospores.  As already stated this species is considered to Lo
synonymous with . paresitica, Dast.  The culture used agreed very
closely with Sherbakoft ’s description.

It is intevesting to note that the three cultuwres were found to he
readily distinguishable macroseopically on potato dextrose agar -
that determination could be made long before the conidia were de
veloped (Plate TI.).

The following notes were prepared from six series of plate cul-
tares, and thvee on slopes made at different times.

————
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All three species develop conidia on potato dextrose agar., /P,
citrophthora has given the strongest vegetative growth oun all the
above media. P, hibernalis comes next except on French bean agar
on whicl it makes poorer growth than P, ferrestris.

As already stated P. Libernalis belongs to the Phascofi group of
Phytophthora as defined by Roseubaum. e also points out (23)
that one of the most importaut and constant factors available for
the distinetion of speecies ix the ratio between the mean length an-
the mean breadth of the conidia. Extending Rosenbaum’s table
to include all the species woted in the literature availible to the
writer which would appear to belong to the Phaseoli group, the
folowing table is proposed as a skeleton key to the species:—

PHYTOPHTHORA—PHASEOLI GROUP.
Majority ‘of antheridia amphigynous.

1. Mean ratio of length of conidia to breadth 1.75 or Jess:—

P.owmelogena, Sawada 1.2 (17)
P, parasitica, var, rhei, Godfvey  1.32 (17)
P.oallii, Sawada. 1.35 (17}
P terrestris; Sherb, 1.39 (28)
P. phascoli, Thax. 1.40  (25)
P infestans (Mont.) de Bary 1,45 (23)
P. cryptogaca, Peth. & Laff, 1.48 (22)
P. faberi, Maubl. 1.53 (25 & 23)
P, erythroseptica, Peth. 1. 57 (25)
P. arceae, Colim, 1. (23)
2.  Mean ratio greater than 1.73 and less than 2:—
P. parasitica, Dast. 1.82 (25 & 11)

3. Alean ratio—2 or greater:—
Conidia without persistent pedicels:—

P. aexicane Hot, & Hartge. up te 2 (18)
P. Meadii, McRae 2 (19)

Conidia with persistent pedicels:-—

. coloecasiae, Rac, 2.2 (5)
Do hibernalis, Carne 7 2.3

In P, eolocasiae the persisteut pedicel is only oceasional, anl
when present is less than half the length of the conidium. he
conidia ave larger and oospores smaller than in P. hibernalis. P.
colocasicve 1s further distinguished by the presence of a cellulose
plug at the point of insertion of the conidiophore 111t0 the conidium,
and by the presencel of chlamydospores.
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In some cases the rvatios given in the Key may be subject to

<lieht variation where the writer has not been able to obtain the
nean dimensions of the conidia, but only the rvange within which the
majority ocenr.  The ratios when not given by Rosenbanm werve
culeulated from figures in the references indicated. P. faberi i<

inclided on the avthority of Ashby (2],

PHYTOPHTHORA HIBERNALIS n.sp.

Myeelin irregnlarly  Lranched, Tyvaline; hyphae at first cou.
tiunous, somewhat septate and often empty when old, 3—12mmm. in
width usnally Snomm, inter or intracellular; conidiophores simple
bearing a single terminal conidinm; conidia elliptieal papillate 17 -56
x 10-—28mum,, deeidueus with very persistent pedicels 2—356mune,
tong, often gerniinating as zoosporangia; zoospores reniform, biciliate
11 x Omn. germinating by germ tubes; oogonia hyaline, sabglobose
22— 56mnnun. i length, at first smooth, but later forming a rongh
covering on the ocospore: antheridia persistent, hyvaline, ovoid, smooth,
amphigvuous, rarely paragvnons; oospores sphevieal, 22—435 . 6mmin,

vellow to tawny when mature.

Haly. On frit, leaves and smaller branches of citrus spn,
Western Anstealia South Austvalia, and probably Victoria, Queens-
Land and the Mcediterranean Region.

Myechio ramoss drregulaciter, hyalino, ex hyphis primo eon-
tinuis tandem septatix, 3—12mmm, plerumgue Sunnm. erassis, iuter ot
mtra-cellularibus;  conidiophoris  unicis et sustinentibus  conidium
wnm in apice; conitdiis clipsoidalis, papitlatis, 17—36 x 10— 28mmm,
deciduis, enm pedieclis persistentibus, sacpe formatibus zoosporangia ;
Zoosporis veniformis biciliatis 11 x Smmm.;  oogonis subglobosis,
hyalinis, 22—56mmm . | longis levibus sed vestutioribus rugosis; anth.
eridiis persistentibus, hyalinis, ovoideis, levibus, amphigynis  raro
paragynis; oosporis  sphaericis  livalinis  vestutioribns Iuteis, 22—
45, 6,

Hab. in fructibus, folils, ramis Citri SP.

I Western Australia, South Australia ot probabiliter Vietoria,
Gueensland et Reglonis Mediterranae,

PROBABLE LIFE HISTORY IN WESTERN AUSTRALIA.

From field and laboratory evidence the following life listory
appears probable.  The fungns lives over the summer in the OspOre
stage.  With the next winter rins (May or June) the oospores
germinate, the fungns grows to the ground surface and forms coni-
dia.  These are Dlown pr splashed ou to the lower parts of eitrus
frecs by the driving winds, which so frequently aceompany rain in
thiy State, or they may come in contact with leaves or fruits touch-
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ing the ground. Spores are formed and infection takes place only
during  or immediately  following  wet weather. Infection is
grcatest on the sides of the trees most sheltered as it is there that
the leaves or froits most frequently remain wet long enongh tn
allow the conidia to genruinate and bring about infection. The
icubation period is about 10 days. During or following wet weather
the affected parts of trees produce conidia which infeet other pargs
of the sawme plants or are carried by wind to other frees. Infected
leaves and fruits fall to the ground, and there produce oospores,
Infeetion ceases abont Oectober with tie rise in temperatnres,

This suggested history already given elsewhere (6) lacks con-
firmation on one point namely the germination of the oospores which
has not yet heecn observed.

The disease does not spread in store or ease fast enongh to he
a scrious consideration in the local trade. This spreading may be
more important in exported fruit. No evidenee has beeu obtaincd
of mycelial infection between frnits. The indieations point to infee-
fion taking place from conidia Dbornef en the fruits, which is, ot
course, possible only when they are damp, There is also no evidenee
of the disease carrying over in the twigs., Many cases have Dheen
noted of defoliated Dbranches producing clean shoots

CONTROL.

Excellent control has been obtained Dby spraving eitrus trecs
with Bordeaux Mixture (4—4—350) or Burgundy Mixture (4—6-—30
in April or early in May before the winter rains, This subject has
been dealt. with in more detail elsewhere (6 & 8).

It 18 reeommended that the ground under the trees he sprayed
and that the spray be applied to the trees only to a height of four
feet.  This has been found to give excellent results, and af the same
time reduces the danger of the rapid inercase of scale insects and
aphides which unfortunately frequently follows the use of fungi-
cides on eitrns trees.

The writer desires to express his appreciation of the assistauee
received from many sources.  Especially is he indebted to Dr. E. J.
Butler, Imperial Bureau of Mycology, for references to literatu: ¢,
a translation of Moniz da Maia’s paper, and a very helpful interest
to Mr. W. 1. Waterhouse, B.Se¢., Agr., Sydney University, for
lelpful eviticism; to My, G. Wickens, Officer in Charge of 1'ruit
Industries, Department. of Agrienlture, and his Tuspectors, faor
assistance in the field; to Mr. J. G. C. Campbell, B.Se., his
assistant in 1923, who first isolated the organism in pure culture:
to Mr. C. A, Gardner, for vedrawing camera lucida drawings: to
Mr. J. Clark, for assistance in making mierophotographs; and te
Mr. A. O, R. Loaring of Bickley on whose orehard most of th-
field work was done.
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plithora vecently found by Moniz da Maia to be responsible for a
citrus fruit vot in Portugal and probably in other Mediterranean
countries.

A serious frnit rot, teaf Dlight and twig dieback of citrus trees
i Australin cansed by Phytophthore hibernelis sp. nov., s here
deseribed.

SUMMARY.

This pathogen ix identical with an undeseribed speceies of Phyto -

Phytophthora Tiberialis ocenrs in the States of Vietoria, South '

Australin, Western Australia and Queensland, It is active only in

the

cooler months (May to October) under c¢onditions of high

=

atmospheriec and soil Tmmidity.

It is elarvacterised by the prescnce of persistent pedieels on the

conidia,  The couidia measure 17—356 x 10-—28mmu., with an average

ratio of length to breadth of 2.3 The cospores measure 22—45.6mnm,

The optimem orowth temmperature 18 aboat 120 ¢
] =

T

Tt has Leen confused 1 the past with Pythiacyslis citroplhithora
« Sm., from which it is separable on worphological and

anltvral eharneters.,

LPhytophthora hibernalis 1s effectively eontrvolled by spraying

with Dordeaux or Burgundy Mixtnres hefore the advent of the cool
wet season.,

|
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TIXPLANATION OF PPLATES,
1.
Upper. Orange tree partially defoliated.
Liwer, Lemon  tree  completely  defolinted., Pruit o
affected.

F#feets of Dhytoph!hore hidernolis, Maddington, July, 1924,

i1,

Cuttuwres on potato dextrose agar.  Growth in 15 days at 12--
15 (. Upper—2PLhytophthora hiberanalis, Left lower -
LPythincystis  eitrophthor. Rivht  lower—Phytophthor:
forrestris.

I,

Yyglophthora hibernalis—Microphotographs  showing  cogonia
and antheridia from potato dextrose agar enlture,  Inset—-
Germinating conidinm  showing  germ  tube and persistent
pedicel.

IV,
Dhytophthorae Dibernalis—
AT, Conddia showing shape and vaenoles,
A2 Conidin diseharvging zoospores,
Al Dizcharged conidia.
AL Zoospores,
A5 Zoeospores vounded off uand germinating.
A6, Conidia  germinating.
AT, Conidium produring sccondary conidia .
B, Oogoniu, vospores amd antheridia.
Bl & 20 Paragynous antheridin,

Biao Autheridinm.

. Myeelivm showing septa
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A

2\ Pliytophthora  hibernalis. Qogonia, oospores il
antheridia,

Al & 2. Showiug oil globules in oogonia.

AL Antheridiung.,

I3 Phytoplhthaora  hibernalis, Sporophores  on potaro
dextrose agar,

. Pythiacystis citrophthora, Conidia  produced  on
potato dextrose agar.

PLATES IV, & V. oredrawn from camera Incida dvawings.
IV AL & B x 500.
v, ¢ x 400,
V.o x 700,
V. B ox 175

Vi, O ox 300,

Sampson, 971-973 Hay Street, Perth.







